What happened at Fukushima Daiichi?
On March 11, 2011 , an earthquake measuring 9.0 on the Richter scale struck off the eastern coast of Japan. The Fukushima Daiichi nuclear power plant, which consists of six nuclear reactors, was shaken, but it is unclear whether it was damaged by the earthquake. However, the ensuing tsunami -which was far larger than the plant was built to withstand, despite scientific warnings that larger tsunamis were possible in the area -wiped out electric power to the facility and damaged key equipment, including the diesel generators that were designed to provide backup power in an emergency. 1 A recent independent review of the accident found that the plant's owner, Tokyo Electric Power Company (TEPCO) was not required to -and did not -plan for the potential extended loss of electric power to the plant, an oversight that the review concluded "played a large and negative role in the events that transpired." 2 Without the ability to pump cooling water, fuel rods inside the plant's reactors began to heat up. Within hours or days, three reactors had experienced meltdowns, with molten fuel slumping to the bottom of the reactor pressure vessels and, in at least one case, melting through the vessel into the final layer of containment. 3 As operators vented steam and gases from the reactors, a series of hydrogen explosions took place, causing further damage to equipment at the complex. Large amounts of radiation were dispersed into the air.
Over the past year, the plant's operator has apparently succeeded in cooling the reactor cores through large infusions of water. However, high levels of radiation make it impossible for the plant's operators to determine precisely where the melted reactor fuel may be located, or assess its condition. In addition, the cooling process has produced vast amounts of radioactive water that have occasionally leaked into the sea.
How much radiation was released and where did it go?
The meltdowns at Fukushima resulted in a massive release of radiation to both water and air.
• The Fukushima accident resulted in the largest-ever accidental discharge of radiation to the sea. Numerous species of marine life -including seaweed, clams, and some types of fish caught off the coast of Fukushima -have been found to have levels of contamination above Japanese government limits for human consumption. 4 • The accident spread radiation over a wide swath of Japan. Cesium 137 concentrations in soils in parts of Fukushima province exceed limits for agricultural production, and localized areas in other provinces may exceed those limits as well. 5 Some areas beyond the 20 kilometer (12.2 mile) exclusion zone around Fukushima, particularly those located to the northwest, received levels of radiation above government safety standards. 6 Radiation "hot spots" have been discovered in Tokyo and other cities more than 100 miles from Fukushima.
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What has been the impact on public health in Japan?
No one can predict the ultimate public health toll of the Fukushima accident. Radionuclides such as cesium 137 have half-lives of 30 years or more, meaning that they will persist in the environment for a long time. Key questions -such as the degree to which these long-lived radionuclides will accumulate up the food chain -remain unanswered by scientists. 8 Moreover, because it can take years for radiation exposure to result in a specific health effect, the total impact on public health may never be known.
We do know the following, however:
• Workers: Approximately 167 workers at the plant were exposed to radiation exceeding 100 millisieverts, which was the safety standard in place for Japan's nuclear workers prior to the Fukushima accident. 9 Radiation doses at these levels have been associated with negative human health effects, including increased risk of cancer.
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• Children: Exposure to radiation can lead to thyroid cancer and other thyroid problems among children. Government tests conducted in March 2011 -but unreleased at the time -found elevated radiation doses to the thyroid glands of some children living near Fukushima.
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Subsequent testing has found thyroid irregularities in some children living within and outside the exclusion zone at the time of the accident.
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• Exposure through food and water: Radiation has been found at unsafe levels in agricultural products such as rice, beef, milk, spinach and tea leaves. 13 On March 22, radioactive iodine was detected at the Kanamachi water treatment plant, a facility 130 miles from Fukushima Daiichi that supplies water to Tokyo. 14 The radioactive isotope was present at more than twice the level the Japanese government deems safe for infant consumption. 15 The Japanese government has used warnings and bans on the sale of agricultural products to limit exposure to radiation, but it is not known whether these measures have succeeded in keeping all contaminated water and food away from people.
What have been the economic and societal costs?
• As of December 2011, roughly 90,000 people remain displaced as a result of the accident. 16 Some areas contaminated by the disaster may remain uninhabitable for decades, if not forever.
• Cleanup and decommissioning of the Fukushima Daiichi power plant is expected to take 30 to 40
years. 17 The cost of cleaning up the plant and compensating victims has been estimated to be as much as $257 billion -about 5 percent of Japan's annual gross domestic product.
• Broader impacts of the disaster include potential long-term costs for medical care and monitoring, higher electricity costs (at least in the short term), and ripple effects throughout Japan's economy and society.
Is the threat over?
No. TEPCO and the Japanese government have reported that the reactors are "in a state of cold shutdown," meaning that temperatures measured in the reactor are below those that would indicate ongoing damage to fuel. However, the threat posed by the Fukushima plants is far from under control:
• Leaks of radioactive water from the plant continue. In February, it was discovered that 8.5 tons of radioactive water had leaked from one reactor after a pipe had become detached. 19 Smaller leaks caused by cold weather occurred elsewhere at the plant.
• There are continued questions about the location and status of the reactor fuel and the effectiveness of efforts to keep it cool. High levels of radiation prevent the plant's operator from conducting a detailed survey to locate the fuel.
• There are also continued questions about the stability of the plant's structures, especially in the event of another major earthquake. A team of Japanese and Chinese seismologists recently warned that the 2011 earthquake may have increased the chances of a significant earthquake taking place around the plant in the near future. They warned that "much attention should be paid to … seismic safety in the near future." 
